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Abstract

The objective of this study was to evaluate the effect of fermentation by ZLacti-
plantibacillus plantarum on the changes in antioxidant capacity and nutritional
quality of jujube hot water extract. The dried jujubes were boiled at 100C for 3-4 h
(the 1% extract) and then another extract (the 2™ extract) was prepared with the
same manner after removing the 1st extract. Both extracts were inoculated with Z.
plantarum, followed by fermentation at 37C for 72 h. Change in the number of L.
plantarum was measured during the fermentation, and the antioxidant capacity and
nutritional quality of the both extracts and their corresponding fermented products
were analyzed. The number of . p/antarum rapidly increased within 12 h, reaching
the stationary phase, and was maintained until 72 h of fermentation. There was no
significant difference in the sugar contents and total acidity among the 1%, the 2™
extracts and the fermented 1% extract but the increased sugar content in the fermented
2" extract was observed. The fermentation by L. plantarum lowered the pH values,
regardless of extracts. For nutritional components, no significant differences were
observed between the 2™ extract and its fermented products. The antioxidant
capacity and total polyphenol content of the extracts was not significantly different
from their corresponding fermented products. These results indicate that the
fermentation by L. plantarum did not have a profound effect on antioxidant capacity
and nutritional components of jujube hot water extract. Thus, a further study is
needed to improve the nutritional and functional qualities of jujube hot water
extract by fermenting it with other lactic acid bacteria.
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M E

W5 Zizyphus jujuba Miller)= 25 ZofjuEaRhamnace)
o &ok= U TEOE QKR E AR ¢ ok FH0E AM-
=o] o1 Fufojct. LEURelA e SHE, A7IE, BEdEE
£ HIRZE ofe] Aol AT Sl 11 F %%HE H2-40]
A AelEs B2 tig= AR HE/0] 2 F5°ltHjeong &
2011). the= A, 54T, | Jﬁ‘i 1-1‘;__;251- °k°k§*§
59 A T TR & 4 Qo] HAHRE AlE
02 o]gEo] on ofAga} W 7154o] AFEATHChoi,
2013). &9 FAE 02 AT} ascorbic acid’} 9.2H, ]
Qo= Z5 HlEMIFE H]ES sterols, alkaloids, saponins,
organic acid, amino acid 5& 5k tHKim 5, 2014).
1’41"& o]oH AL = I B_——Oﬂ}i. 2o _E ]_I,IXP_Q_ 7(]—11—7&.9_
713, 918, B (Kim, 2008), %Y, WAZ7(ung 5, 2014)
5ol §lom, ole}t BlEo] 5] FE0] = HIEHIRFS} Alo]
A, S0, v 52 oA 9 AZ F4] A0
29 & 4 9= Acq B1ET JtHKim 5, 2016). thE=
$8|70] 2% JlEo g B EF ARl Ao Hojxn
B 58 3 SA] A2 A AdF AHE AT 2 feE Ao
(Auh 5, 2012). o3t tise= 199 dtog =2 7|onE
7R AL Qlo B TRSARCE AZ Al WA 49 = 71
o & 4= Qo] tiF &2 259 FHIE of7] AE] ALE
I ItHKim &, 2014). T4 tE= o7 7164 HeE
AR 2A FREEL nju]st Alo|t)
QANHE Q1710] o] & 7];401- 0ol nPYEE FHE dhgsio] &
AHlactic acidy& B4dsh= vt filte] SRl
plantibacillus, Leuconostoc, Streptococcus, Pediococcus,
Lactococcus 4 5°] 9)2H, olg fAES B3l 3 #-af Tl
29 SA9A|, 5 SHAEHEQ Ast, FAdat E HERlS
ZES QlH) S8EF oLM_g oI5t oJoF Wl Mgk =7 8¥HOh
5, 1999)%} o} 735 A A4S 53 573} oii(Han 5
2019) 52 719 & Ut 1 FAME Lactiplantibacilluse A
AAPIA &o] WA R FANTE Al 522 A
ofl Aty A7l & ":’l IS sh=t|(Kim 5, 2014), 3]
ol HRAE Aol g ARA HFHA| HIAAA 24,
W Alte] #4974, B J A A4 5Y oIS 7IHE 5= 3l
o IS} tARIE R A ZALS H|EST0] antibacterial bloactlve
compound, exopolysaccharide& A% 4= QloBg oL
3l o]l EAsl= TRt AE w7 HAAE AAT 5 %1

tHAbdelazez 5, 2018). WEtA & AFLofA= Tiofst 7154 &

Lacti-
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Az Y A #F
B AYof| AH W(Zizyphus jujuba Miller)= Al5o] SHjs)
1 Q= F5 BE2olA et AdiEE sk, 7+ & 9

SHIN- 20C)5}°1 AY Alo] 24(+2) AlZE & FRH4T) AJH
oA siEAIl F AMEoIYIth Aol AME RANtT = Lacti-
plantibacillus plantarunATCC 14917)°|90H 35 5A7&
HozRE Fopott & 5 Ao AMS] A Edd
Lactobacilli MRS Broth(Difco, Sparks, MD, USA)OllA] 24A|7F
B9t 281 A& Ahufelsto] ARSI

5 2 kg2 B2 =04 3~ 587t AJARE & Hazo] Hol A
ﬂﬂi—%—%% of Y ti57t 50 Sl B3 14 LY &2
A7RE 3?‘ ] FZEE9 ol o 10 L7} HEF 3~ 441 52t 89
F4AR1 12} di% E452E(1% jujube hot water extract;

I S 59 Q%8 B, 2% 45 55 ST

jujube hot water extract; 2™ JHWE}S 13} &2 9=3t o=
01] 14 19] B8 thA] Hrleka 13} & vkl =Qist vpHoz
F&olo] Y771 Ao & Stk

Fid Ues HX Y U8 5 fir H
e i GeFEEe] AHANFE FEck7] A ofH] sk 2ok
0.5 mL9 L. plantarum ¥FHEG~9 Log CFU/mL)Z 50 mLe]
12 9 23} ti5= d45220] F&(6~7 Log CFU/mL)st 30T
HiF7|oIA 72A1%E 5L BiFstdet. ofB] v &t desEE
ZHY 1%°] sigohz & o] viFH@~9 log CFU/mL)y
12 9 27} ti5 F55EE0] FFoto] 30TolA Has Adst
o ZHt 12} ti E4FEE9 YaE(1" jujube hot water
extract fermented product; 1% JHWE-P)¥} 2%} ti3 E45&
£9] HFE(2™ jujube hot water extract fermented product;
2 JHWE-P2 Aglo] ARg3i9ct. 3U9] & dha 7|7k 59 12
AZE AR ARE Foto] fAt 429 WHaE 4613,
HE 77 w2 fANE 429 #isks 108 AE |4l whet
A=E Z435| 84519] Petrifilm™ LAB (3M, Saint Paul, MN,

st 549



L% T FE20| SHMst U QUK EMOI| CH3t Lactiplantibacilus plantarum L&) Hst ﬂ««

USAYS o]-83) 2435190 THH PetrifilmS 24~ 48417 &
QF 37C oA v At

Skt ¥ pH, SME 53

Fr+= FeA(Refractometer PAL-e, Atago, Tokyo, Japan)&
o|&dl ZolAl AN R FF HE dF gdeFE=e
pH+= pH meter(Orion Star A211, Thermo Scientific, MA,
USAZ S4sI5ith. A= 457 9o di da528
T T aE AlE 10 mLoll 0.1% Phenolphthalein(Samchun,
Pyeongtaek, Korea) AA2FS 3~4 92 #7151aL, 0.1N NaOH
(Samchun, Pyeongtaek, Korea) 89103 Z3loio] o] &
Bo] Uehd wizbx] AAstgion], A8 % Lactic acid T
A|(%) 2= slo] FAEE ALY Grot pH 9S4t A%
SfiA 33] 57 F PAEoE eI

FATE(%) = 0.009 x NaOH 84| 4HFKml) x NaOH §H9 47} x 34wl «
A& AFHmL)

100

F Sz
% Z)9s =52 Folin-Denis ¥ (Folin 5, 1912)& Ak&S
of ZHsktt. 5 523 asd] Ali 100 plE A9

ol Fsto] olo 2% NaCOs(Sigma-Aldrich, St. Louis, MI,
USA)E 2 mLE 7It & &gste] 387t AL0A HA|stoitt.
A=) 50% Folin-Ciocalteu phenol reagent(Sigma) 100 L&
A7Vl Aol Ao 3087 B-3-A]71 3 Microplate reader
(EPOCH2, Bio Tek, Winooski, VT, USA)E ©]&35td 750 nm
oA FHEE S ol tiF d4FEEy) dasEe)
Z Evls TS o] Yell Gallic acid(Sigma-Aldrich)E
SR SMste] HFAS AR BETAS o85Gt

DPPH radical 2Hs

DPPH free radical &4 @49 42 #8 4 0.2 mM
2,2-diphenyl-1-picrylhydrazyl(DPPH) A]2KAlfa Aesar, Ward
Hill, MA, USA)& 95%(v/v) Ethanolol -835tof DPPH 8%4-&
A|Z31%{c}. DPPH 8942 Aol 0.8 mLA #3513l o]of] 0.2
mL9] A|RE 7ot} A A-LoA 3087 ¥EEAIZ] F 520
nm IPOIA TBEE 245190 DPPH radical £74%59] 4
Z2 o] A& olgoto] WEL(%WZ VERH AT

DPPH &2 275(%) = Asyp of control = Asy of sample

Asyo of control

x 100

)

0¥

©

2

ABTS radical AHs

ABTS [2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)l(Sigma-Aldrich)radical 2784 &4 94, 7.4 mM9]
ABTS®} potassium persulfate(Sigma-Aldrich) 2.6 mM& &5
of -gsfiste] 111 Hl&E St 1 & SRR 24417 51
A12.0] oFAlojA] BFxJ5lo] ABTS cation radical(ABTS")S 44|
Zom o] ABTS" 894< 735 nmollA19] F4%= Fkel 0.7+0.057}
=2 slAsto] 3o ARSIt Sl ABTS' 84S AlEH
o 1 mLA £l ol Al&E 50 ulA 7Fslo] 60 &<t WA
St & 735 nm oA SF=E 45199 ABTS radical 4
A2 o] ALIAE o]&3f| AbEoto] WE-E(%) 2 YERASIT

ABTS &tz 2716(%) = Ass of control = Ass of sample

Azss of control

x 100

et
SAi=A
7 439 AW FYH 39 W= AP F Lozl Hi

AR YeRfQlY, BAIXEE SPSS Statistics software
v.21.0 (IBM, Armonk, NY, USA)Z o]-&3}o] Al& 719] Xjo|&
ANOVAE ©o]-&319] p<0.05 g2l 4151312, Duncan’s
Multiple Range TestZ AR HZIT.

fitds £

L plantarum WFAIZ] o] viFAS 13 E 22} i des
50 HE3 o2 30ToIA 387 HFAT|E 9S4
Hok= Fig. 13 2k @528 182t L plantarum®) =7
55 9F 6.2~6.5 Log CFU/mLA2™ HE T 1247k qio ©
7.5~7.7 Log CFU/mLE F7tsto] AA7]o] ZLsi3irt. HiQ
36A17F Fojl= fAkt 7 7.7~8.1 Log CFU/mLe] ©]2§ 0.
o, 72A771A9] w717 B9t Sk 2] 2 S BolA
orotTh weEbA oh e YR A7 glo] 14 ¥ 27} s I
S5 B5oA SEst fARFS] ASo] ojFolF om, ol= th3rt
FHE =2 HEE TRoHL J0BR =2 o FolA fAEY
&o| 7FsdE ZoE FZHEHJo 5, 2015).
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Fig. 1. Changes in the number of Lactiplantibacillus plantarum in
jujube hot water extracts (1% and 2" JHWE) during fermentation.
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Fig. 2. Changes in sugar contents, pH, and total acidity of jujube
hot water extracts (1% and 2" JHWE) and their corresponding
fermented products (1% and 2" JHWE-F). @® Different letters
differ significantly (p<0.05).
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(p>0.05)% HolA| YUSk=t(Fig. 24), °l= Ryu 5 (2018)%}
Kim 5 (2016)9] dFolA @a 717k 59t Skl 2s) o]
AH|Elo] st Atk Ao} g3ttt vhd IS 24t
T AFste] 947t war|zt 59 9 g 4% Kim 5
(2002)9] AelA= LE 4GA7HA] S| Bkt Yl 69
B AA5] ZAE AT BarstEt, ol Aike 2 et
TR S B, 2 AYoA 39719 FE2E R VI T
L9 Hsls 7HA Q7Y EFERS A0E AlRH i3 FEE
o pH &4 23}, bt oE IHS AXA G2 14 9 24}
g% d43EEL8 pH 4.2~4.5019104, Skt &d o]F pH
2.6~ 2.8% @A5] Ast=]o] §943(p<0.05) & W2 2 LE
WeFig. 2B). oA RAkt Hart XIggHol uket A4 Zilo]
U OPNEARE BIRSE AA2|7HA] R4t S0 A= pHYL &
A3] 74" A0 HRItHKim 5, 1999; Sung 5, 2013). &4t
SHAY} 24 QpFEEY] fANE T E0] 0.522 T 2
S Uehigly, 13 4529 At 2852 0.192 g9
25T 794 2ol HERA] golFig. 20) pHak & ¥
< Hr} Yukdoz Akt Bhavt Agidof wet Ak oiapit
E= Qlof pH7t 7ot A7t F71sche Baoks tE A9E
Uehfo] 23 @77 9k Ao= HAtKKim 5, 2016; Han
5, 1997).

>~l_r(_|

¢

UUIALE &4
224 g5 GeFEE] ANt HaolRo wE YRR B4
ZIFE Table 16 Yepllth. 82 AR I5F Bt 94%= £4

Table 1. Nutritional components of the 2™ jujube hot water
extract (JHWE) and its corresponding fermented product (JHWE-
F).

Components JHWE JHWE-F
Moisture (%) 94.27+0.48° 94.39+0.32°
Calorie (kcal/100 mL) 32.89+1.87° 31.51+1.48°
Sodium (mg/100 mL) 1.39+0.04° 1.44+0.06°
Carbohydrate (g/100 mL) 7.10+0.46° 6.79+0.4°
Sugars (g/100 mL) 6.35+0.5° 5.92+0.417
Crude fat (g/100 mL) 0.27° 0.26+0.017
Trans fat (g/100 mL) 0 0
Saturated fat (g/100 mL) 0.16+0.017 0.16+0.017
Cholesterol (mg/100 mL) 0 0
Crude protein (g/100 mL) 0.52+0.02° 0.5+0.02°
Ash content (%) 0.24+0.02° 0.19+0.02°




i S+ FES9| St 3 SYSHH EH0| U3t Lactiplantibacilus plantarum ‘222| Egf Y

sglon, BokE JRe ti IaaEa HAkrdaEo| 47
7.10 gt 6.79 g9, T TFS FFEE0| 6.35g, FANE
g Eo] 5.92g% UERTH E3F 4pEE0] A 2ohy
A o, 3 2 47 0.27g, 0.52g, 0.24%A0H, Akt
HFEL 0.268, 0.50, 0.19%S HERHo] LE UrteIfgRofA
9914 z}o]E HolA] ARITHp>0.05). Gim S{(2018)2] HLofA]
£ ZYAAY 555t FEES MR TasiS of sl
oA F9H AJolg HoA] Yo} £ A9t FAfsIG oM, &
F2 85.27%NA F 17% HokI(p<0.005) 68.54%F UEHRAL,
ZHA(p<0.05)3 ZAH(p<0.005)2 Hago] & 2E2EHT
T2 3 UeRjo] £ a7e) b2 A3S YER: o= AEA
2 9 32 o) Aozt At gloll YIFE FAE Z0F Hol=
tl, &3] Gim 59 Aol A HaE Ax AL Y 55
ofo] Akgston R SRRk 9 QR o] WskE 9
AOE AR

DPPH % ABTS free radical 27 &4

DPPH radical &AW ¥ w4 QFY3F free radical& 7HAaL Q)
+ DPPH”} ascorbic acid, tocopherol, polyhydroxy 2] %
T REE 9 RS oflRol Qo) HE|o] Aol SMEl =
ALE ARE olo] ieksS SHoks o AAM|=R
Elo] hilEds HMok=t 2 o851 UtHKwon 5,
2007; Kim %5, 2016; Yu 5, 2006). Fig. 32 1A} 9 23} %
GrFEE9] AN A ofFo] mE DPPH free radical £4
59 ATE Ueid Zog 2 oAM= tiR2FE ascorbic
acidg A&ttt

80

60

a
| .
40
b b
2OJT '
0 L 1 L
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DPPH radical scavenging activity (%)

Fig. 3. DPPH radical scavenging activities of jujube hot water
extracts (1 and 2" JHWE) and their corresponding fermented
products (1% and 2 JHWE-F). @ Different letters differ
significantly (p<0.05).

Y,

{ L)
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DPPH radical &4 /852 St vEa+9] 49, 13 g
F2E0] 20.37%¥oH 22} G2 ELS 48.90%% UERY 14}
AFFESEET 20, AN HaFe] Y fAE Bl aTa
DR 22F @4FEES] Tako| 42.11%2 Aol 14
A2E0] M E(20.34%) Tt S0l o7 &9Ith(p<0.05).
B3 13 9 273 g5 @S5S A AN SEES H| T
£ o] 25 DPPH free radical &7 45014 |99l }o]7}
VFERA] Q9k=Tl(p>0.05), ol fakdt i {7k TAIglo] o
5 3=31571 DPPH free radical 27 /850l 7V ¥
o] ujzl Ho& HQIrh Kim(2014) 59 A7olx+= DPPH
free radical &4 S e FE2EY sE=E ST 43t
g5 8525 62.5 pg/mLolAM 34.36%, 250 ug/mLoflA
55.19%, 1,000 pg/mLoIA 68.24%2] AARFI S Hol i
rFEE9 527t SVl et MARgolsol Skt B
IHEY, o= ¢ 2 5x9 2% g5 E45EE0A DPPH
free radical &4 &/d50] 71 & A7t fARE ¢S &2
et

ABTS radical £&AH2 ABTS7} potassium persulfate@}2] Hk
Lo oJaf A= ABTS free radicale] A& Ul2] FAIEE 714
L B4 98] AA= o] radical 579 F=Mo] €AEE= A
0]&3t =27 ¥ o 2(Choi 5, 2003), ¥ AF-oll4+= ascorbic
acidE &L o=E AMgoto] izt S SHstoirt.

AR dRoiRo] W 12 9 27} tf5: IeFEE9] ABTS free
radical &7 B4%9] 3= Fig. 40 YeERIh G4 vl
9] 1A} QEFEEL 19.72%3.0H 24} 4252 79.94%
2 12} G525 v|g] ABTS free radical &7 &45°] ¢
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Fig. 4. ABTS radical scavenging activities of jujube hot water
extracts (1 and 2" JHWE) and their corresponding fermented
products (1 and 2™ JHWE-F). @ Different letters differ signi-
ficantly (p<0.05).
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B2 A0F YERITHp<0.05). fARE TaEFA T a7 =
27} Pp3EE0] 56.16%% 13} 532EE(15%)0) vlsh /944
07 =2 7Fe Hoj(p<0.05) iR ¥ $E347) soldd w

|

E} ABTS free radical &7 &4%0] {980z Z7l5k= AS
QIsH3itE. Choi(2006) 59 Aol AEAIE AT 4F-
29439 E2uls 480 PR A= o] At E4o] &
7RIl Baret At o] & AFME 22 eFEE0] 14}
FEEHCY H oH AR 112 dAFslylonE FA|3} 76lA A
=0l 9E FadEEo] R oR Zgtyo] ket 8t o
A A=Y AoE woE v, 13 9 2% deFEE
L% L plantarune] 23t ER|| YsiM= ks S
Ho|z] 9k=t|, o] Auh §{(2012)9] SOl AFe} Sri3
F25 IF U8l o3t ABTS free 24 27459 f2/400 W
SPF YA ekstths 2ol IAIsiSiH.

JL‘L

Z By 2

Z39&(polyphenol)7| ﬂﬁm% St E.2J0f| 271 o]4+9] phenolic
hydroxyl(OH)71E 7H W3 sRIEES 7HI71=t A=Al
Eg MZ Hojsial *}ﬂ—ﬂ% kgl 71 & 283t ELE
iﬂuﬂl‘ SRIES A o 2 IEY oA, AL ARt FA

59 et AEdS 2=t 4EA AtHYu 5, 2000).
EPEW 2 oA EeFEET AN EaEY F EHs
1S B0t Fig. 5). 1A @525 4 UaEY T 21
RS 0.36 mg/mLE &3E9lo, 2% 95253 G4
5L 0.16-0.18 mg/mLZ S0} 12} 5555 1]
W2 2 UEET, ol diF 13 E9FEEY

7 e, 23 &€

? a
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01 | ‘
0 ; :
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o}z}lr%‘[‘#lml-(‘n
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s 3FFo] 11.63 mg/gl & 7%

Total polyphenol content (mg/m@)
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Fig. 5. Total polyphenol contents of jujube hot water extracts (1%
and 2" JHWE) and their corresponding fermented products (1°
and 2™ JHWE-F). @° Different letters differ significantly (p<0.05).
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FEEEL 12} 2 v9) oF 60% T4t 4.37 mg/ge VE
Wkl B3t Jeong 5(2011)2] At -FAFsA . ¥HH, Song
5020112 & 228L [ brevisZ FAFPL 1, :599] 7)<
Fol2 sl E2F]Hs F=ge] IA ST Barslle, &
AtollHE 13 9 22 EeFEES ZH Easd Buds | &
ARl Zo(p>0.05)F HolA| gttt Doh 5(2010)9] 6714

ANFFE QRS Wiste] B4 2A 2 85 A%E AAskaat
St oA FAREY] FF 2 AR we EPuE ko]
ZAs RAYal siqit. B ALo\AE [ plantarum
7oz A¥e L°”91i7l ‘Tﬂfoﬂ

o

-r

ot
AFoA = U5 E5FEE] Ut 4 ERE S5 7154
2AEAE] 7RsS Yot A} 1o Oﬁ—r-rﬁoﬂ L. plantarum
< JEoto] fANE RS AXoIon, EeFEEat fANE
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